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Sieuclear comlexes. hydrides. oxidative addtion. ilk. phosphine comlexes Distribution/

Availl Cs~~-a d biuclar ildim (I)carunl heiIda comlexes containing the Da .. cadi~tertiaryphosphine) ligands Ph2p(CNi)Pa Maty Spepaciapl) avbae prepared, and the formation of I I i 11l) hydrides e ii2 oxidative .addition has been studied. The btnecloar camlses Elrx(CO)(dimfl N(X - Or. 1) possess trans phosphins donors with the dppp ligands %rding
the Ir( I) centers. Addition of Ni, yields the tatrahydride species

f~ni 2XCO)dpp)] iiuch the trans phosphina arranginn ati eciidiumis itaived. azeer, upon heating. cleaveow of the dinersisotd
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Cotribution from tme Department of Cimoistry
iUfiversity of Rochester. Rochester. Now 'fork 14627 Intrducion Metal hydrides play an Iuportant role in many uetal catalyzed

reactions such as hydrogenation. iydrfooWlatisn. the water gas shift reaction.

Denst- and lIlnuclear Iridian Carbonyl HYdrideS Containing DiC*.ertiaryphosphlm) and CO redaction timistry.1 For this reason. the preparation and reaction
Ligailds cimunstry of trasition MUta hydride, comleoe have bonn studied extenisively.

The oxidative addition of N2 to a hoel couples is one Of thme nest luorn'tt
Barbara J. Fisher and Richard EisemrerV ethods; of hydride, preration. amnd none of tme mat relevant In thme context of

catalytic properties. since this reaction represt a principal ande for' t
NOWeirvd activation of NZi. Sims Wak.', initial report in 1962.2 It has BeaN nown

Abtract that do iridim(l) pImose'Irame lems are particularly active with regard to

-~ Re man-and bilear, Iridm~i) carbonyl halide coupleses copntaineg H1 oxidative additionitc This reaction Invariably Prewd with cis stereo-

the di(tarfiaryphspmion) Iigeams Wp%(Oi)flh"2 (-2~. dppa. R-3. *PP) hase clmanustm'y at the Natal canter, a&W In tme case of tram rC(W)(PflmP2 and Its

bean preared. and the forsetien of irldtwi(tl) hydrides by H2 oxidative analogs. results in pr its io whmichm tme piosiino hounds mintaie their tramn

addition has been studied. The binuclear caeplesas [lrX(C0)(dpppflj disposition asm a ShwIn 01101-0).L
(X5. Br. 1) Possess trans Pimosphim das with the 4Mp ligands bridging Cl L ii 1 Cl

Ftme Ir(S) centers, Addition of Nliyields te tetrahydride species \ r /2 NZ1) I
Clmiii(C)(dppp)]i YA wichm the treeS phouite srvnngmt at each IidiveL C 4 ,C
Is meINtaInad. imNerW upoIn hating. cleavag of thme dimers Is meted. L

leading"l to tme asno0mecior Species IriiZ(C)(pp).<Tor_ I - 1. wenmeucer

dPP ceeplesas are alan Prepared starting with the reaction of tr12 (CO); L - tertiary phaolm

* dpp under O to yield Irt(CB) 2(dMp). All of tme dp coupleaes are in this paper. we describe own stadies on tse synmthesis, churacterization

mevnacleer with dppe acting as a cdelete. The necessarily cis disposition a 0d2 oxidative addition thamostvy Of "MIrdian COupleAIs containing

of IIhIeSOhm denons IN the Wmnnuleur cimlates Is readily eodece by diltortiar' phsgim) 11ganda. These 1igan system anY either dm101461 a
I e Spectroscopy Of the hydrvide capaSas. Reversible addition ofC singie metal canter or bridge toe Ir Ion. The former leads to a cit stereo-

to trt(Co)(dwp) (I 1wS. I) is else obsead. damistm7 of phepine doe"~' diftfiaet free that oseirmd lsaet aeacts of

Vana'S couples amid Its analoga. while the latter produces tw moel cantors

In Close presinity for thme bindin ad activation of Substrates.

The relative tendency of the diltertary I'eaghim ligmid systen
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1 12 P(CN2),PPhi2 to bridge or chelat. Is shw In 0"s.(2) as reported by Sanger.,dd the t fr m arid niore(Q2l2d~)1 oI the dhdi e Inii(O)C ) 6.an

In this reaction, cnly a spannr Is synthesized whem a-2, whereas diners form tettayrd l~i(C 2 1(pp 2 .1i p.3.

Waem "I and 3.3 Compound 1. wich was first reported by taska. fern because pp
of the favorable drivng force of fiv-=Werd choat, ring foestion.

4  
cap IC Kl ii% 1 ,CO C

CiI2C2  Ir" K"Kr o 'Kr Kr(3pinion 4 and 1. on the other had. =eIntel* whet seems to he the electronically Mr 2 Or, g/1 "Ci Cl/'IN a I .t
favorable disposition of traes P donors with the creation of fece-ts-face diners p p p p

of Ir(l) having ligand sets slodlar to that found In Vaste's comple.

(Ir~~cn)] 2 . PhP(Ct~n~h2  CO - K- +Kt(C) wThe structural assignent$ of and 7 art supported by crystallographic owl-

I' dpp. dence. Loss of N1 from I apers facile. and the Increased steric bulk at
3 dppe o~.awne Ir center after the first oxidative addition appears to Inibit reactivity

at the second metel Ceter.

* 1 an The stous described In this paper one the work of Sanger and Pigeolot
'Co Cl s astarting point. tcause the brem n ld analogs of teskaes tomples

C1o C I r a0 were known to ha more reactive them the peremt chlore nystwmlrCl(C0)(pPh 3)2.
Cl~ 0C~ 0.3o commenced studies am the brow and lode analogs of S. The content In maich

('2)"ear studies ware undertaken wan te developwmt of M27 reduction catalysts for

Our Interest In diwiric compouands of thin type was stinulated by th oto C02. a oal that still remains to be reached, Baoed on Ilerskovi U' wOrk, .It

of two metal aniters In close proxinity for the activation of hoe substrates was known that electron rich Ir(l) cmeters are capable of reacting with C02 to

simutanousy. o fo th acivaton f aslola siiat~fcusin boh mtalform witullocarboxylete Species,$ We envisioned that the presence of nearby

testers and their attendant do's (two de. J6 oxidative additions on a single hydrides on a second metal eter would facilitate the desired reduction of

substrate). Uste of dpnm us a bridging 1igon has bees explored extensively in boand C02.

face-to-face dinrs and In A-fr.. coppleans. and yields a relatively rigid The Investigation which Won utl ine here Include Studies of bineclear dips

binuclear structure in which intel ... metal distances vary bebe 2.1 and 3.S complexes and the hydrides which they form, the anOgected cleavage Of thes

-iThe dPPP ligand. on thve othr hand, allows a wre flexible bila r stiucture dfpinesm y unknnucle ar pcs, em wol at frmatonl a rleato chit ry
with metal .. natal distances ranging up tou6B . The chemilstry of ofes prvosyanystemcle epenscnonm wl ige itrir
has wily begun to he Ouplored. Pigeolet and ang have found that 5 oxidatively



PhosphineO) ligand. These moneiar comleas repesent cls-phosphieln analogs
of te wel sudie IrXCO~ 2 sstem Exerimental $action
of te nll tuded IX(C(L2 sysem.physical Pesargmts. Ncroamalyses new performed by Galbraith Laboratories.

Infrared spectra ware ecordsd on a Perkin-Elmer 467 Grating Infrared Spectra-

photometer. in mar spectra were recowild with a graear UM-4000 U spec-

trmatar. 31Pw spectra Mew recorded with a JIM FT 100 spec tetr at

41.25 We or a SWater WU40U spectroeter at 142 i. Gas chromtogaphy was

don o a Mulett Packard IMC 9.c. Interfaced with a Hewlett Pat""r 330A

Autoantic Ineagrator.

Carbon stmeuide was detected on either 12 feet of Peregask 0 or 2 feet of

Mlecular Slaes SA. Nolecular 112 was detected an the molecular lams celum.

I" all 2.c. detection. 114 clmns ware toad at 42% using Mo as Se carrier

gas and therml comidwttvity, detectors. The flow rate Ot Ne ms 5-,48 Aim..

and retantion tins of 1.0S and 1.35 sNAts were alserved par Nad CO.

respectlvaly. en the paraea Q column. and 0.31 and 4.1. eelly. on the

molecular slams colven.

asias All operations me perfosmvd ander H2. CC or ausing andifted

Scuieach tedunian. Tetrahydraftae and heesene mae dried aer On ad

diStilled under %~ befoe ma. 1l4ie"phshe~tha dp) and

bls(diphenylphepMao@prean (SeD mwr purchased from Strew Chemical and

recrystal liad frem boil legl etheesl. Biote edenro pwar sdtfern Si-Mod.

Tetranetkylae saliene (sewielaw) mas pedmad from Aldrich and distilled

price (first tine free PO,) IMadietely prior te ma. All ~th er ept via

chemcal anewe purchased anmmrial ly nd need witheet further perificatian.

ft Wegasm followed., Typically t.C1 3.(H0)3 (0 W ad or (1 g( jer
eyflweed le a 1:1 (eY/. 20 at) mtxte of farmic acid and Mr. 1SW*te

7 a

iLA



was open only to a niseoral oil bubbler. allowing the C02 generated during th Et20. Tha Isolated powder mas analytically pare. Yield. 0.49 g. 814%. Anal.
redaction to escape. After 12 to 24 bours, tihe solution bad turned Palle yellow. Calcal for IrCinL"02P4Br 2; C. 47.1; N, 3.1; P. 8.1. Found: C. 46.5; n. 3.8;
(If te solution had nat turned Palo yellow Is 24 hewn,. an additional 1-2 aP.S. h wif otepruccabesltdbyhediiv f"1
of far"ic acid wo added, aid the refiwaing continued unstil a palea yellow (0.5 at) to the filtrate and stirring overnight.
solation was obtained.) After coelliag aider a rnrte strean of N2. tetra-

botylassoniua brearide (I g In 5 & of Y)
0 

no ade. The ~ret Precipitated 1lr 2l 2 (D) 2 (PP)),1 -t- Wag aid Pignolet's wathed
8 

was ndtified as follow.

an a yellow powder, he additional 10 to 20 al of water ware added ad the LiI (2 g) in EtOI (ca. 30 a) wua aldded in a slurry of 0.111 j [Or, 2  C 2 Co1ppy2

vilaition cooled on an Ice bat in Insuras oele qewtitative Yield, The In hbineoa (ca. 20 OI). The solution wao heated at 60% and the yellow precipitate

product was mailted with cold water, ethanol W4d ether, Tma predect was recrystal- sneItOrevd by i.r. After 6 la. Mhe oafteeia Of I- for Cl wan coplete an shewn

Miod free boiling isoparnpaiol. The product owne ob tained In gee yield by shift of %0In the It. No~. 19511 rn'l for 9 And I.D 1140 for

by Forster's nehd (see beow). Clr2C,(D),(dpp) 2 D. The lreciplue eas filtered. sod washend with Et0. and

[TINAXIr(C0)11. Forsters Proedure was followd.
10  

Typically IrC 3*(i2Dl 3  
to

(1 g) and lfti (1 g) are reflaed in 3o a of so ya in 2Zsvepthelaol wader 1lrZH,1r,(W0)(d.p)a. 3. A0.1 g (0.56 Mies) ""i t ofjwst dissolved ie

an extremly slow flow at o. 9. 5 al/mn. After 'aut 12 horia, the solation )00 aL of 2 Cl 2. Than Sol stin mas Mo" ad nestled with ma several tim. ad

M4d turned Palo yellow, mae aolution wan coopled aider a strean of CO to me te stirred vigoreusly aider SL. a1 41t1 OfN. After 24db. the solution had lest

teqegerature. and terbtlm Im odide (I I In 0 aL of Ya) was added. Its yelIw color. Ilan predet precipitated an a colorless power after ane

lila Product Precipiteted an a yelow ONder. The Product we. maile with Cold adition of 20 a of M0 IWM, fellinal Uy reinslal of f&. 20 a of 0 2C 2.

water, cold isopmeael aid pInUon. and was recrytelliand fren bailing Yield: 0.42 g. 41. hasl, Colc, far lrC 0K002P4 or2 : C. 41. N. 3.9;

Isoaprepeavl. The Pr-odect Is air sensitive. ad should he praredaluw imandiately P. 5.7; Ir. 11.2. fatwd: C. 47.0; N. 4.0; P. 8.5; Br. 11.4.

beforewe, orstoredunder alcula. V Tai. (W)2(dpp)g3. I. A80.2 g (0.13 Mies) Uspe of I was dissolved

EtZI2j.2d )1 This co"len was Prepared by Sagerds 3t i d. ofan 1W. andl plaed undermea oteame of 142 The16161:11 idlm
yield. ca. 0%. lost its yellow color (ca. 0.1 h). bet mas allowedg in stir at rea tepaurei

for lb. Etheawel (20 a)l Jwon added. aid THY a mreveg aitil I product
1lr28r2 (CD)2(dMp~ld B A solation of 0.14 1 (G-83 Mles of CUAXtrlr 2(CC)2] preciTptited an a colerlns pwde. The produt ca he mrncyninlliod frees
aid 0.3 q (0.83 Males) of pp was stirred in aceine (IS at) for 24 beors.

Th elow solution initially evolved CO. A pale Precipitate foamed after at ltawS2 dr 2

15 Monletel. the solation cleared after an oaditional IS-3U Medt. The desired

prdutbean to precipitate after 1 11. bet the solution ma allmd to stir for

an additional 8 k. Tm Yellow Precipitate ma m"Sed With Cold Mumee, aid

-4 .... -owm
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Eir," 2Sr2(O) 2DY'll''. 12. A 0.1 9 (0.07 inoles) sample of Juns dissolved tvS'll(co)(*ps). It. 0.1 9 (0.07 miss) sawia of wses dissolved is

in IS A of C01202 &d diluted with is ML 1W. The soluition WsM ,0100,Iy 10 it of OI2Cl2 sod diluted with 20 a of IV. 1'riehylamike (1 at) was

degmasad iPlaced under 012- Ow" eqImval"t (1.7 id.0-01 wastes) of li! at added, ad the ")alas placed under ca. 1 ae of N2. The Solution as

1 ato as added miles a p~ssure-0k ges tight syrig. The solution se tined at 61* far 12424 bows. list solvent (Iecluding trlethylsmiee) wen

vigorously stirred for 24 hours. Ethanol (15 md.) Nos added and the %1C]2/TIU un-edwder vscSm. The selul& were disselved In a mintm= volue of

siature Followed until doe Product precipitateld as a yellow powder. Yield: acatis. samitter~ wee edged unil One I e-t bases to precipliate. usual ly

0.6. 9. M.s a Ic am powr d ser. ife product ca be recrystallimid fran bet

)rIM0O2(dil). I.* A 0.14 9 sample of dppp In 10 Ad of TNW as added to 0.26 g C2 V IZ aer 2 Comwles L4 cm be pepaered by this eaba fen complex I I

of [TA]tlr12(C0),1 lumter 00. The solution as stirrod at rems tfeprture under bist at lenst 24 heart of beetles is reuqared.

CO overligt. dauries whuch ties crystalline CTIte] precipitafted. Ethanol (ca. jjrAI(j *al I. A 0.1 § (0.26 Miss) SepI. of dpps dissolved ta Co.

5 OW. was a'ded resulting I n ddssolution of thn E1363 mud the procipittle I. 9L of e a added to 0.16 9 (0.81 wastes) of [TMXIede2 (CO)Z] dissolved In

of a colorless material. (This colorless precipitate hall am .0 113 air' 5 at. Of 1 aooled to -M%. Tbe solutiee sea allowd to wnsrefsm Ow

mud wasl identified as Ir(dppq)Z(W0) by smalog to the halim tr(eppe) 2 (WCIC inrte anir 30 is. LUMa (10 a) was added te Of reactlam slecim shIds

which is colorless and has ad e 1933 cal.) The yellow solution em filtered ue glas reduced In em wal asss rotary mefrmrteel unil No predict crystal-

ay from the precipitate md the 1W removed by rotary evaporation mii goe Items as bright arm dcrcillstala. Yield: 0.13 , 7M.

desired product precipitated a a bright yellow goodsr. Yield: 0.151 . 171

Anal. Colc. fur irC21i 26 2P2l: C. 44.2; NT. 3.3; P. 1.9. found: C. 44.27; tiJ.MCmI ~J. A 0.1 IT (0.21 famlies) me of ipa dissolved In ca. 7 a

Ni. 3.14*; P. L09. of 11WF emae ~ 0o.2 9 (0.26 AI) of (131CtrI 2(C0)23 dissolved is r. S GL

TTI. the steare em beated fal WC for 1140 eie befoe applies to rem fm

I"2 (0)(eP). 14. A sile of 14em dissolved in CtOW1W (ca. 1:4. aft) porm~itor. After ths tied. chae yellow solution toied bright erengs. Ethanol

suatr 92. sa e slowly babbled INsg the slution (ca. 5 oL/os). After (10 11) an th edded to gon ermp soeles a d solent renewed until The

12 If goe ilati. ass colorless. a~d The I A- ci bed started to precipitate. product precipitated a a orange pomdr. The protect Is receystall sad free

VIggrm babblies of 112 ciflossis the solotts resulted Ie the precipitation Of bet aS EW. Tigh; 0.1 9. M6. heel. Coled. fee 1eC311g4W2I:

the rest ef the prloct as a colorless powder. The protect em filtered In air. C. 43.Si N. 3.2; P. 8.3. flind: C. 43.7t 0. 3.5t p. 8.39

washed with petoma. md recrstellised from bet 012C12 wider 112. Yield: '901. r (l)df" JXbroIV Am eof&rUsadslto iI ~~~zeee wi mder a "it ieelmtd sredtil on seluis lost Its grow

I-N
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color. (1 3 sin). After the addition of Itth*. lubblieg of 5 through the Naild U0tis achs. Based M mieta4clar might datamlasettoas of sevel

reaction solutiosn was constinued for Several bun untl the Product ken.w ceulas of stailar tp. tse error involved to this giaswmat is
precipitated as a colorless povear. ield. 40. This preeMs melts estiwted to be 111.
Is isolation aft he tisernedymic Iams. of ]A or ]A thick Is duolbad to

the omists section.

tIs(U) 2 (epe) I-. .. 11 . 1j. An Oange hblame selotleen of 1 or

Is Placed water CO. The $eloti tea lm imedietely. with a meeseuIng
change In So selution spectra. the CO adduces eon difficult to imse an
Solids hecAe Of Us lass. Selfftias yield. IgE, hewed 4Nas d 31p Now sp tre.

Nlecar blot Dbteaaties by Mie ged Filtration. Wie fed, SK-4 (ca. 3D vd.

"Mi plaed IN hailieg %552 12 add allowed to pecaulete Is the veflooiag aelosut.
for 15eids. after which the etatsewevallwd tocal. A0 Ai hw twws

pKeod with the beeds wusing CWS52 as the @eamt. A eel Ibroest asv for

molocslar weight was md wsinag sever hodiwe ad iridima pbw ceileas
IrN tse followinsg Procedsure. As auk tendped a peetvible an disselved is

0.5 ML of C"i2Cl2. end leaded sets One allowed elsated with ORl (dispoaw
free a addition fasl). The ties ls. elatiwa Of e1am lex waswoneed
and plotted against Iog (Nalecular wai"tot h glve a streiW flow. The m

cowlex. Elr2Sr 2(C0) 2(dPY 2]. was moawed ad feund to he a dime. as flec-
misted. Forestation a a amar mealts In a palSt significantly aff the

lblecolor mitot daetrvissation by Intauke ilet doorsf.le1 Selfeloa wee
weed as the cryacapy Sol vst tee to Its twop 01id trowI, pat doessiae

COMatwt (46.2 dofml*).
2 

The standard p coedere a" eedeing a large

teat tsfe as te reaction vesel ad a Moow me sewe. two wiltie poist

Of the Selet Is 2S.VC. thwnam artificial oes,4 Is retiad.
The malecelar weight at was desolatingdfree vas serate Usplso.

-.. '-

- 41
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yield of a stogie. easily characterized binuclear product (vide Infra).

bitsut and Giscuaslui The Infrared and 
3
1P Our Sectral data for 8 uind all following cad

The reaction of [Ir(CD)1 2 r as its wtl4  at with the di(tertitry are presented In Table I.

purnogan) lip"a Op and doe serme as a aomlent route to the formation The W omple t~ Ig is prepared by amtass of Iodide for chloide In

of irldin(1j pi - I in amlem. While both 111Uwd S15t. react to form casgies ). This method was first wood by MM an d ?I Volet. whe fund that

moenclear species. Only dppp Is Observed to form binuclear leaINS asoil UR S prepared by this route has only a single caobom~yl stretching frequncy in

lil@ ear Mg m os Ca e ag h roaw temperature roaction of L*-4X][JIr(C0) 2Sr2 3 the IR spectre, (at logo cil).6 ISieg am the single vC,, I Is assigned a

with 00 is acetene Wmar N Ida to the evolutionm of CO a~d th essentially structure with the Co ligeft in the tram orluatation as IN the previously

quantitative pOfdation of the pile yllow casles CIr 2 v 2(U) 2(*pg) 2]. repolu chame compex 1. bat in contrast with the hI - enlog P."a and
Pipolet heave also famed P.to hae" a 2lr mr specrum containing ;1y one sharp

p p I $Jollet at 14.0 PON.
I "s I .. , The oxidative addition of N1 to I a I yields blauclair ydi cmeplems

OC r I c~ as sham Is Eq.C4. "~r I ato III In O2 C2 . S and P form the totraisydride

complems jl and L1. mae fimatfm of iU In IN at 2Y*C is essantially cam-

A or *Platt Within I bear Comparad with 24 hou" for tha formation of 10 ad only
1 t~ ncomplain onesion ofthe hloo cmple ItoIts ttrhydride I nder the

ma imic trctre f isasipd bse onelenal nayse, he31 01 "an conditions. This Observation Is cnistent with the nation of incroased

am specrtru whi show only sinlIs indicative of UM P Earer.'
3 

the 10

spectru., me by analog with the chle,. complex. . first reported by Saller. 
3

An approuimate mlacola, Miht atmimnt~ita l lie I bad filtration (me Cl"ecp34 2 2  ~ O~.O N1C

ExIperimental Section) Indicates a mlacoler wriet of ra. 1400 foe' !jconsistent G r.) 11N1N '
it.t Wiaear to mation. Condoctil~y mmuaaminnt. sam Ito be a

in a slution. ThaWC ligme in Iare ~in a cis arlan- IA PS

ttol becausean caaonyl stretces at 1944 A 1919 o071 
arm ob"ervd IenI Il

itsato ane rf. B dti osanledap e f tor" C tm cr m" O e etof reactivity with halide ligand In tha Orer Cl-Srd. ma saM order Of reativitY
sqmplnr rl) ddtonlspw ari* ~ct" o o - was foued for t addition of NZto kgl.IrComIppye3 . 11C1.r.I.1

derives fron It. reaction with hich~ gives a essentially quastitativa

~M.
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INu INS POCtis Of CCIi J ta iM C,'% (19M, IM Carl) wl. that singlets is ceasisteet withe 31 ~P nor spectra of 6 sad I wassurod by W"e

of LjI contais O"lY ON (120 Co.). The two -Ws of jj chage In relative sod Pilgpo1.t. wM ratioualized the mimer resonance as3 *:eto go. IV~I) center
Intunsity in solution Indicating that thedy bola"g to differet Species. of On Ir(l)4tr(Ih1) dollar farad by incmlate N~ oxidative addition or
SIGN I Is kim to losel 0 11411d1l3. No prOPOse O -Coo at 1949 d~ to be redetise eliinlostlas of an sole of 112 fro, as. lrZK-rI etalydride.
lo to ilitm(I) waovl revaltiot free reuctive olillostlea of Ntat oe T.hlbs eaplamts sow spot eatisfact"r slaoe both sad I&lwm 1

ofan dItridls contoro. eaily. snd jI&hbit$ to .'s Ilk sOlutla ON of siid Is attributable
Thle Ie Nwa spectra of s& ad 11 provide key lefoormtlma ~ce the sb-ac- to iridito~h) Carbonell.

twe of thse casoplaes. The flil 'if or spectrau.s from +10 to -W pp., of l11111s sod 31P w spectral data for s& md are consistent With
IS SbM ti tIMu 1. There aft thee gromp of rA llss John phaal strutu&ar o lt e c I r caer is wii thibple ieI V ate tram.

0rta at f. 6-7 p0101 ane split lno too Few - the ertho proem. and as ~ The Hid lifuld treas to 0 glunt ri s to 0 reneweda at -. 6 uia. Ablls
ma*par@ phemy Prct-ia 11141 mthysWA pates Of tdollop Ilgsnd ae split lov hydnride tim to halide glues rle to the af. at -16.7 nol dIseI
ioa two brad. siamb cal resonances. Ibseeleer deam al e nesas nor spactrmn. The naialist of the hydride resunancas Is bi 8.SIop to No
th111 th brOadeas is diwet phaePber teispliag. Last. the pair of triplets
of diblats In the hydride region. expleaod ii the Fig. I least, jategreten~
"s flar Protoins Collared to I teleu watyless proteum. laencting a twtqa- K~K

Tho pair of triplets of deibolets. eoperated j, r& 9 pope, lmdlcgh teat a
tdi hydride ]lgie are trains to vary different Illeads. The doublet splilt- kow msuscloor dihyodride lS~. laiyIwoowyz). 11.CI.r.I. Ididh
tiug Of 3 ft Is dw to hydIde11-hy1dride 00i1 a 8Shown I heeanclaar pogems gainsay A. snd ae I5 N o spectra hae vry siadlar hydr m
00111e1ll @srlmmts. Now sa,01 triplet of 41001911 s taIrradiated. the other to . ad . -Fa #asapl. the hydride region Is CM IN w picta, of
Of tOllAPai tea 0S1911% triplet. This edicaseS that the hid liguas IMi2Cl(U)(p(C 3)$ftf 2 contain be triplets of daltla at 6--7.111 ad
am SU to MO the Theol triplet Splitting is 13 ft. snd Is due to ti 6-111.36 ppat  

For 04 aepisa hFl C0t)(p(013Y )2 to)1  ich bid d ydride
toupling of be iqoolast P ates om so dri de ligt"d. The P detrs are Is ham, to be tren to go halide, ti s91g1e triplat Is find At -16.7 Ppm.s,
therefore amssrily trae to oat thedr sad cis to di hiydrido Ilgia" to thuhe ass dride at .114.31 OPa Ia h Cl(WCP() 2(phy )), is "Ssip" as

saJ. ,i to Chloride. NWy similaor exsolos hae howe tio*.led s.d egat
The n Pr Of 15 Consist& of 2 sharp 6ligies in 3M approsisesly 4:1 geeO lltJY Cat hydr11e l1§11h41de him to halides appear at =01eslde hNo:

ratl*.sod ceafiru VA essIt, of tees P Iloeds. Tb heirsatles of &A fielde o thaose tradh to carbasl1 regeh 1h w"I o spectral date Nor

Ift
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trIO ir( W)(P~h3)2- compaps' 10 WAn 1-. and related complexes whc reai by freezing point depression yields a olecular weight of 715. Indicating

to be discussed are tabulated In Table 11. a onneculear formulatioe for 11. Compound 13 Is not air sensitive during

while optimizing trns preparative proeduere for L.it oa faunU that short periods of Ovsses (-1$ is). The complex reacts with ll2 In benten

esIdative addtion of only a single, olecule ofll to jean be accesplisheod over 24 h to form a eon hydride complex L4. along with the evolution of 00.

to fern the lrKO-Wi~ll) dihydrids. 31. saaepoan toj repors by PipeClet This w hydride species 14 exhbits only -mvC In the 114 spectrum

an" V".6g In acoatoee the reectias, of !j withs N yie146 a mixttre of 10 (see Table 1) anwlhas a very different INmrspectrum than is observed for

and as eOide e , y '1tu Ne spetwbc ne. hs ar ftedorchdie ,1 n The 11 or Spectrum of 14 Is thee In

triplets of "os. The pair at ".-e6 and -18.? ilsIs attr-Ibu to tme Fig. 2. Th, e *featres of the hydride pattern ame bm Vsps of resonances

tatrohydride, 10. The fer m triplete of dsqolete am feund at -8.4. sePerted by -6 ppm. one of which Is a bread deublet of doublets and tho other

-6.8. -18.2 andl -18.6 p.I Iflon a $"I@ of this oeiswe Is maled In an a moe complicated .rnltlplet. The spxectrum Is eesistent with chemically

mor tube undor vacumm. aed Spectra recorded at hourly Intervals. these now diffuwat Is euClel and th. "nitude of the larger de.*let-of-domblets

resonances are observed to galin linsIty at the eneeme of the reonances splitting U(J1 a 120 RE) teggesto that ma of the hyde Is trams to a

assigned to the tetrahoydride. jj. Ne lor decesling experiments relate Whesphian or. The second hydride Is lecated trsam to Iodide based an its

the -8.4 ps triplet to the -16.8 ON. triplet and te 4.6 p triplet to chemical shift. to addition. the 
31

P or spectrum of 14 consists of too

*thme -18.2 triplet, Indicating the prsso f to SpecisI addition toit "alots with 30.5 Its coupling. Imdicative of to chemically Inequlivalest

14 This.e0me Species coe sWn to to geenstric Iseom" of the lr(t)-lr(lll) SLS P llgeitde.

Adi1hydride comples .4. The addition of on epinelent of NZ2 to a 042C12  The Spectroscopic dete provide the basis for a consistent letersretetien

isolution of Ijwar N2 also moslts IN the fatio of the pale, yellow Of the reaction involving lr(CO) 21j + pp and N4 as shunm in Eq.(S). The

# ihydede U~. ad &A IN o Spectrum of a simple of it Pp$ are this wa Initial product bavling 'CO of 2040 and 1955 cirl Is onneleer. unlike the

contain the fear nm triplets of dornlets descrie abve other epp complexes femead In analeos. reactions. 11. an carbonyl stretce

Indicate a cis disposition of CO 1igone In thes cosle. This couplex.
ran* loo .osee A m eclear Ir(I) dpp complex can also be Irl(CD)(pp), Is thm assigned structure a with a cheslating di (tertiary

feed rnth ecto O ih u.Th tuoatr eato phaspshinle) ligend. The singlet In the noPar spectra of 13 is den to the
of Ir(CO)2 12 with OMp leeds to the evelution of CO and the Isolation of on stersnodmoncal nonrigidity of this five coordinate do species. The reaction,
orang Couples. M. This comples eirnibito We cartenyl stretching frequencies of 13 with 142 leads to lest of CO. which Is detected In the gas phase aboee

(2040. 1145 car') in both Solution and solid state 11 spectra, and shows-
onya ipo nIS31F a pcrm oeua ih eemnto the solution, Ond helps confirm the fermaletion of eM a 4 enucleer

onl se sigle isthe P o spcte. onecuar lph deerunatondicarbonyl couples. The, reaction with N2 leeds to the, ftlonm Of L
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/r)C2)212  
When. wiilar experiment was carried out with L1. the complex daemposed

+ Iv ..I--- I (5) daring the 24 hour experiment.

I I-CO -O N The' Ia lack of integrity of 10 at a bimucloar species was surprising slecw

Pignolat and Mang have eeployed asc a decaramylation catalyst at lISOC,

and have not observed diner cleavage.6 Moeover. reactions of similar ow-

pleces having dppm bridges under a variety of conditions have revealed me

tendency of these diners to break apart Into mnomeric species. Our eheerva-
,M~ichi posesses structure I, md gives rise to owne v., and ane vlrii In th tion of diver cleavage provides am importat caveat to studies based am using

IN. he alternative binuclear formulatiom of 14 with bridging dppP ligands di- and polyltertiary pfhosphie) ligands to hold two or amr metal atoms

In cis positions of the coordination Sloom Is ruled oat based on highly together ins ystem having structural Integrity.

unfavorable steric Iateraction betoe neighboring diphmnylphosphieo groups.

the meonucicar nature of 13. and parallel reaction chanmistry observed acing dSoe o aixs In order to provide additional support for the structural

appe whiici Is discussed below assignments of 13-15 as meeceaclear species, the analogeus complexes with
dppe in place of dppo vere synthesined and characterized. The ligndw dppe

Cleavage of paclear dee Hytdrides. The, monuclear dM dihydride 14, and *showe a mcii greater tendency towards chelation than does pp. wad only rarely

its bromansalog. Irii2 Br(CD)(bepp). 5, can also be formed by cleaving the fome$ a bridge babel"s twometals.
1
is The new mononuclear meno(deppe) colexes

binuclear tetrabydridel LO and L1. When C142C12 or TiIF solutions of 10and Ir(CO)5(dpp). L6 (I-Sr) and 17 (1-1). are prepared by reacting Cg-I41% Nr(00)252]

L1 are heated In the presence of lEt3 a striking change occurs In the hydride with ppe in Til? or benzene according to Eq.(?). formation of

region of the Ia H er spectra after 2-5 hoars for lland 12-24 hours for 1j. - r(CO)(.p.4. *. canot he avoided in this reactime. bat the VAe differnot

Specifically. the resoances, characteristic of the trans P deoos of i0 and products cay be easily separated because of their greatly different solubilities.

11lare replaced by those consistent with the cis P doeors shoaw for 14. The Ia
change from trans to cis P donors occurs with a cleavage of the binuclear (n-Bmilr 2(CO)2E- - pe Ir(

hydride system to the wmnonulear structure 11 oe show. In Eq.(6). The cleavage CO P

of 10can also be effected by prolonged hating of 10 amder Ar or C02 (24 Hour%). IL I-I

P p Complexes 16 and 1? have very similar spectroscopic properties (see Table 1).

M ", OPThe single COof16c-

r, 10 , of1co~ o 6an 90cr o n t ndult

. -- - - -------
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to the 31Pwe spectrum of each complex provide good evidmnce that 16 and it is ot Only extremsly facile. but also steriespecific. The initial product
17 are manuclear mno(doips) species. It is supising that complexes 16 formed Is an Isomer of 1=4 or L-91 which containsone hydride trans to Co and
and 17 have not been reported previouly since they are cis phomphie *eatogo the other trans to p. This enterial then ISOverizes to the rdeias drawn
of the well studied systemt trans-(rX(CO)L 2 wdhere LI. s a tertiary phosphine. "Ot and shown In Fig. J. A detailed enamatiegi of this observation Will

Solutions of the orange. square planar IrCI) complexes 16dI ? in IMF be reported in separate #Mpe. 1
or CH 2 CA2 react rapidly with 112 to fare the Nonomucleer dihrid, species 18 Comlexes 11 and 17also react mith CO to form dicartmonyl species 20
aid 19. respectively. These compes are readily isolated as colorless crystals cod LI analogous to 13. Tho epeesebbt ~ *t~ ad24

P-1) for III and lAM and 200M* forf (a,1. To 
31

V fo spectrumg of mech
,j " P o p le x e h ib it s o ly ooe sh arp &i g l t a t o w b e r t re . Ia acco rd W M,Ir, Oftht observed for -h pp complex 3. Sangstiei that these fise-coordleate

Ntspc, are stereo aeically nonrigid. at room sp tm

X~ fir heflza N2 Oxidative addition and~oiii t adI r eesbe

by the addition of EtCH aid remoal of solvent aider a strewn of 112. The tA 'idead molecule and repperation of IA or It. Aeceome of Ofe extreme
lr(IlI) dihydride complexes Ill and It as Isolated are considerably less soluble fclt ihWih2 n 1ls O teeot slt iltclypr
titan tiheir Ir~l) precursors. Hoever. they do lose N7 n standing In air. SSequleoOf these cieo"Md, were aisaccessyal. Nowser. the dicarhevtyl COWn
Complexes 18 and 19 are spectroscopically similar to compleeO1 and 15 (so P*W were Completely Characterized by solution spectroscopic mothod. ItTables I ad M,) The ~IN far spectrum of 18 is showen In Fig. 3 and an .epnded Is Interesting to note toot Vasha's Copex, !!.opy-Iet(co)(Pph )v Otto

si n s ~ ~ ~ ~ ~ ~ ~ ~ ~ I oZf th ep h y d i d r g l to he e in t e i s t T e d s fi d' y d id e re v e r s ib ly bind s CO to g le a d ic a r hmo y l c om p le m .
1 

7 b u t th e fo rw a rd re a c tio nresonace is a doblet of doshlet Of de0661011 (J11  10 P t.p 17 ii.Is nOt as rapid as that observed for U4 Or I?d
J" 4.6 HE,). and Is searated from the "ofieldr hydride ajltiptet by 9oin in $kVMPy, the synthesis and chasracterization of Irldita hydrides basngIrradiation of the aflfid wltiplet results io lost of the Sollest doubilet the di(tertaey phosphife) ligmend, d1*9 and 4pM as bridges and chelates base

splitting io the doefield hydride resonances, leaving a doublet of doubleti ben examined. Sisuclear app bridged compleaes of foaul# tlnvXsCD)(dpW)J
2patternl. Tim observation of hydride-hydrider Coogling for L8 and 19 representsaer 'r.£pssstehohn dosintn issiinushmb

the only difference in their 1N ar spectra froe those observed for the An neW spectroscopy. upon heating. thme divers Cleave Into moomomric species
analogous dpp complexes. 14 and IS. of the Sam Stoichionetry in which dOn act$ As a dielale. Tim, dipe Complexes

An intriguing Aspect of the W12 oxidative adition to 6 and 17 is thatI' - -Ore all 401nonclear. and contain a dope chelated ring. The hitherto aireporteg

AA
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conplesas lrX(CO)(dppe) wilere X- Or. I have been described as has their References and Footnotes
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P wo spectrumn of a freshly Prepared saple of a consists of three sharp
sieglats. The We majer solhlets are at a.19.03 and 2%.36 powt doenfield of
"All and a re of eqIa Intenity. Ties third singlet Is small ad Is famed

at 1 .3 HeI A admltial reiwluates, were aber iet a 16.006 Hz Spectrum
coteread at 0 Pan. ruling oat the possibility that the to PeafS at 19.03 and
-5.M A99. are a s*Ift With VA9 arCOMStasICally large trat $0PelWeIw
covallialg. IN additio.e sioglets, are INI "I apart. %i typical Crews P
Coo~lies Is 3101-4111 Mt. one otandi at retom p9rtor. te steglets at
19.03 ad -S.5 Mp. leae Ieteauty equally to Sae sleglet at 16.3 PON. Them
It sam pleaible that Ve pair of sialleth at +19.03 aed -1.36 Pon are duw
to 11ra and mhe p9oitat1 . I danto the traend emits. Hoovuer.

exists Isane litereture coaeme mhe aIp Mirand in spoctu9 of Simlaer

=Intpems. Tom dl ffeewt levotigeters rope"ran dff*Mt JIP No Spectra
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Table I

for S.36In add,;;n Em1l( )(,1 has baen reported as both cis andIfaedad3
trant bu . . " 1 III nd I SPectral data for the lv sears p' ~crlDt a rd.dp n WCW*e

was nevr obtained.1~

The evidence for thme fonalatiem of a as ~a is prinrly in Its reactionV 0

WthC2(I,#!nf~ which lives asam,.tially quantitative yield of a 0 R-

ogl. a, rctriabd dilaric; pm'eat. I11v2f 2 (Wi),(dwp 21 191S,1944 .051CheI-.e
4
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Tale I (Continued)

Table It

-nsp-atoa.. r -oaon a pkin-Uint46 Gatn In . 1, WO Spea Data for Iridltm dppp and dwe i$ydride camlIexe
fo133 L3,.P Lqadziwi)weei bnesmiv.driall Region only)

b.a- nt aftl.Y

ca..amad JA 5 - tubes no Broker -400 at 162 Men. Mitt Covend I ms
thenias1 eh±11. -c dcc1l1.14 frow 314 toaer). trasm, (0) -. 33 tf 17.1 P J * * M c f .. 1c ft,

Laen ad i oa tub"c on urn. MFT-1so .aatomtat at 41.25 9"c. .13.53 (told),. JnI~.13.7 ft.

ft"""d by ft"can cciglat, is"a MR. 4).i -.48.6 t (O

"Yd"24co a(dm2j-3.3 (told), .14.7 (told) (C~Ad)

10 rm-.133m.. - a3.

)a32
11G0( (dp) -9.27 Md). in3 a- 120 We. Jn,-ta .13 ).

.14 -15.35 C.3 (C3 13 )

1a323~1(( (s) -9.27 Wod) * _, * 1353.d. J_8.3 ft.

A -17.99 1.) (C3533

s032 @33(a) (ip,) -9.0s (dfiali. m . . 17 on. j IS ft,3.

10 .n4.5 an). .13.23 (W .3 13

I1H311(001 (ipfa) -9. al (dalio. Jm3 - La"3 *l ".. On3 .

19 JM.4* 3.), -16.27 1.) (&c~tma 4

ALI poata -or sptra rrdd a a kAar 3.-00 at 400.134 3..

i 13t13 chea"l shifts are diteld free IM.
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Figure 1. IN ir s-etre, of [r2i 2llCOl2~pp) 2]. is, in C6%. The I I
resme liabelled X is COOSi. The relomre at 4.46 pin is
dissolved 12 . The anset is an expanded view Of the hydride
region.

Figure 2. 1 w opectrnm of IIltIzl(CO)2(dM)]. 14. in Cg%. The
resonance labelled X is an ilwlty in thme solvents. The
regmooCe at 4.46 Pon Is dissolved 11. ThI Ieast is s expanded L.
view of thme hydride region.

Figure 3. w ser stra of [ (111(CO)( 1, I1. oin C64. t
resomnce at 4.46 ppm Is disoeled NJ. The Inset I s s
expanded view of the hydride rgion.
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